The north-west European population of Bewick's Swan Cygnus columbianus bewickii declined by 38% between 1995 and 2010 and is listed as 'Endangered' on the European Red List of birds. Here, we combined information on food resources within the landscape with long-term data on swan numbers, habitat use, behaviour and two complementary measures of body condition, to examine whether changes in food type and availability have influenced the Bewick's Swan's use of their main wintering site in the UK, the Ouse Washes and surrounding fens. Maximum number of Bewick's Swans rose from 620 in winter 1958/59 to a high of 7,491 in winter 2004/05, before falling to 1,073 birds in winter 2013/14. Between winters 1958/59 and 2014/15 the Ouse Washes supported between 0.5 and 37.9 % of the total population wintering in north-west Europe (mean ± 95 % CI = 18.1 ± 2.4 %). Swans fed on agricultural crops, shifting from post-harvest remains of root crops (e.g. sugar beet and potatoes) in November and December to winter-sown cereals (e.g. wheat) in January and February. Inter-annual variation in the area cultivated for these crops did not result in changes in the peak numbers of swans occurring on the Ouse Washes. Behavioural and body condition data indicated that food supplies on the Ouse Washes and surrounding fens remain adequate to allow the birds to gain and maintain good body condition throughout winter with no increase in foraging effort. Our findings suggest that the recent decline in numbers of
Introduction
Maintaining adequate food resources for bird species is a key aim of avian conservation globally (Newton 1980 , Davis et al. 2014 . Changes in land management can alter the availability of food within the landscape, which can have negative individual-and population-level effects on the birds that use these resources (Burton et al. 2006, Amat and Green 2010) . The loss of food resources can reduce survival through poor body condition or starvation-induced mortality (Meek 1993 , Sherry et al. 2005 , Stillman et al. 2015 . Additionally, where migratory birds rely on food resources on the winter grounds to build up adequate body condition to migrate and breed successfully, loss of winter body condition can result in reduced reproductive success (Inger et al. 2010) . Where populations decline due to declining food resources, individuals ought to show measurable behavioural and bioenergetic responses, such as increased foraging effort or reduced body condition (Hoare et al. 2006) . Similarly, where food resources decline in quantity, quality, or both, animals spend more time locating food and also forage more intensively to maintain their required intake of energy and nutrients, at the expense of other behavioural activities such as resting (Owen et al. 1992) .
Mid-winter censuses of the north-west European wintering population of the Bewick's Swan Cygnus columbianus bewickii revealed an increase from 16,283 individuals in 1984 to a peak of 29,277 in 1995, before a subsequent decline of 38% to 18,057 individuals in 2010 Beekman 2010, Nagy et al. 2012 ). The population is listed in Annex I of the European Union Birds Directive (2009/147/EC) and was recently classified as 'Endangered' on the European Red List of bird species (BirdLife International 2015) . An international action plan (the Bewick's Swan Single Species Action Plan: BSSAP) was developed by the African-Eurasian Waterbird Agreement (Nagy et al. 2012) . Wood et al. (2018a) showed that survival rates of both adults and first year individuals (hereafter 'cygnets') had varied in line with changes in population size. An earlier study of long-term trends in Bewick's Swan breeding success found no significant change between the 1960s and 2010s, either in the percentage of juveniles within the population each year or in the mean brood sizes recorded for swans wintering in the UK (Wood et al. 2016) . Therefore, changes in survival rather than productivity are believed to have had the greatest influence on the observed changes in population size. However, the underlying reasons for the recent reductions in both survival and population size are currently unknown, and the BSSAP calls for researchers to assess whether suboptimal feeding conditions at stop-over and wintering sites are influencing demographic rates, thus contributing to the decline (Nagy et al. 2012) .
In this study, we examined whether changes in food resources have influenced the Bewick's Swans' use of the Ouse Washes in eastern England, an internationally important wintering site (Nagy et al. 2012) . Cereal and root crops in fields around the Ouse Washes have been the main source of food for overwintering swans since the 1970s (Rees 2006 ); yet recent decades have seen changes in the relative abundance of key crop types and greater anthropogenic disturbance in such agricultural landscapes (Newton 2013) . We analysed long-term monitoring data on swan numbers, habitat use, behaviour and two complementary measures of body condition, in relation to information on food resources within the landscape, to answer five questions related to swans and their food supply. If changes in food resources have driven changes in swan population size in north-west Europe and their use of key wintering sites, then we would expect to detect a decline in the peak numbers of swans supported by the Ouse Washes as food resources decline, as birds either died or moved elsewhere. We therefore first tested whether annual changes in peak Bewick's Swan counts were related to changes in the area of the key agricultural crops. Second, we tested whether swan habitat use had changed over time. Third, if food supplies have become limiting we would expect to detect a decline in body condition, so we investigated whether the birds' body condition changed before and after the period of population decline. Next, to determine whether the swans were able to gain and maintain body condition over winter, we also examined temporal patterns in the swans' body condition within recent winters. Finally, if access to adequate winter food resources had been reduced, either through lower food supplies or increased disturbance, we would expect increases in the proportions of birds foraging or alert, with a lower proportion resting. Behavioural data therefore were analysed to determine whether there had been significant changes in swan activity patterns.
Methods

Study system
The Ouse Washes (52°27′36″N, 0°11′24″E) is a strip of predominantly grazing pasture approximately 32 km long and up to 1 km wide, situated within the English counties of Norfolk and Cambridgeshire, that is flooded by water from the River Great Ouse during winter. The site is surrounded by an area of fenlands, a mosaic of reclaimed agricultural land intersected by drainage ditches. The Ouse Washes and surrounding fens comprise a key wintering area for Bewick's Swans (Rees and Beekman 2010) . The swans typically arrive in October/November and depart during February/March (Rees 2006) . A range of crops are grown within the fens that are available to swans during winter: sugar beet Beta vulgaris, potatoes Solanum tuberosum, maize Zea mays, and some cereal crops (e.g. barley Hordeum vulgare) are sown in spring for harvest in autumn and early winter, and unharvested remnants are eaten by swans (Rees 2006) . Many of these fields are subsequently re-sown with wheat Triticum aestivum or oilseed rape Brassica napus during early winter, which are both important food resources for swans (Rees 2006) . Some pasture fields are also maintained, in particular on the Washes itself.
Swan counts
Co-ordinated dawn counts of Bewick's Swans roosting on the Ouse Washes have been carried out by the Wildfowl & Wetlands Trust and the Royal Society for the Protection of Birds at least monthly during winter, from winter 1958/59 onwards, as part of the national Wetland Bird Survey (WeBS) programme and its predecessor schemes. WeBS methodology has been described extensively elsewhere (e.g. Frost et al. 2017) , so only the most salient points are presented here. We selected the peak September-March count for each winter as our estimate of the peak number of swans wintering on the Ouse Washes and surrounding fens. The annual rate of change in peak numbers between years t and t+1 (δ swan ) was calculated as:
where N t+1 and N t were the peak counts in years t+1 and t, respectively. As a minority of swans may roost on small waterbodies outside of the surveyed sites (van Gils and Tijsen 2007) we checked that the roost counts did not underestimate the numbers of birds using the study area by comparing roost counts with peak counts available from supplementary surveys of Bewick's Swans feeding in fields within the study area between winters 1977/78 and 2016/17. Roost and field counts were significantly positively correlated (r = 0.892, df = 38, P < 0.001); the roost counts had a mean (± SE) difference of 374 (± 114) individuals greater than field counts, indicating close agreement. Additionally, we determined the percentage of the total north-west European population present on the Ouse Washes each winter from co-ordinated international counts of the species made across its winter range, either through the International Waterbird Censuses (IWCs) coordinated by Wetlands International or through the International Swan Censuses (ISCs) undertaken at 5-year intervals by the Wetlands International/IUCN-SSC Swan Specialist Group from the mid1980s onwards. These total population counts were available for January 1958 , 1972 , 1976 , 1979 , 1984 , 1986 , 1990 , 1995 , 2000 , 2005 (Rees and Beekman 2010 , Nagy et al. 2012 , Wetlands International/IUCN-SSC Swan Specialist Group unpubl. data), with linear interpolation used to estimate the population size in all other years.
Food resource use
In addition to the dawn counts undertaken for WeBS, co-ordinated surveys of the areas of Washes and surrounding fens used by swans were undertaken during daylight hours within the study area ( Figure 1 ) at monthly intervals from October to March (inclusive) between winters 1976/77 and 2016/2017, to determine swan numbers and feeding habitat (Ponting 2014) . On encountering swans during the surveys, their location, total number of individuals present, and crop type were recorded. Crops were grouped into the following categories: autumn/winter-sown cereals (e.g. wheat), cereal stubbles (e.g. the post-harvest remains of spring-sown cereals, e.g. barley), post-harvest remains of non-cereal crops (mostly root crops such as sugar beet and potatoes, but also some maize), Brassica crops (mainly oilseed rape, but also some kale Brassica oleracea), and pasture.
We obtained data on the total area under cultivation within the counties of Cambridgeshire and Norfolk (i.e. the counties in which the Ouse Washes and surrounding fens are located) for the six key crop types used by the swans: sugar beet, potatoes, wheat, oilseed rape, maize, and pasture (Department for Environment, Food & Rural Affairs 2017). Data were available for 1955, 1965, 1975, 1985, 1995, 2000, 2005, 2009, 2010, 2013 , and 2016, with linear interpolation used to estimate total area in years between surveys. The annual rate of change in the area under cultivation for crop x between years t and t+1 (δ x ) was calculated as:
where C t+1 and C t were the crop areas (ha) in years t+1 and t, respectively.
Swan biometrics
Biometrics were measured for 205 swans caught within the study area between 1980 and 2016 (182 unique individuals and 23 recaptures of previously caught individuals). On each capture, skull length was measured with a sliding calliper (± 1.0 mm) and body mass was measured (± 0.1 kg) on a spring balance, after Evans and Kear (1978) . Sex was determined by cloacal examination, whilst the age class was determined by the presence or absence of grey plumage, indicative of cygnets or adults, respectively (Rees 2006) .
Inter-annual trends in swan body condition
To estimate individual body condition we corrected body mass for skeletal size using the Scaled Mass Index (SMI; Peig and Green 2009). Ln-transformed skull length was regressed against ln-transformed body mass using standardised major axis regression to compare slope estimates within and between sexes and age classes, using the 'smatr' package in R (Warton et al. 2012 , R Development Core Team 2018 . Our dataset consisted of 173 adults (79 females and 94 males) and 32 cygnets (22 females and 10 males). Slope estimates differed significantly between age classes (Λ 1 = 6.17, P = 0.013), but not between sexes (Λ 1 < 0.01, P = 0.998), and thus different mean slope estimates (b SMA ) were used for adults (mean = 2.78, 95% CI =2.42-3.18) and cygnets (mean = 4.16, 95% CI = 3.12-5.54). Finally, individual SMI values (in kg) were calculated as:
where M i and L i were individual body mass (kg) and skull length (mm) respectively, and L o is the arithmetic mean skull length for all individuals in the sample (adults = 160.9mm, cygnets = 158.6mm).
Within-winter trends in swan body condition
Trained observers located swan flocks on the Ouse Washes and surrounding fens during a 2-day observation period every month and assigned each individual an API score from 1 (concave abdominal profile and low fat store) to 6 (convex abdominal profile and a substantial fat store) in 0.5 increments, after Bowler (1994) . Swans were aged as described above. In total, 2,954 swans were assessed between winters 2009/10 and 2016/17.
Behaviour Scott (1978) recorded the proportion of birds seen foraging, resting, and alert during diurnal scan samples of a total of 903 birds in 13 flocks, on winter-sown wheat in the adjacent fenland fields surrounding the Washes in January 1976. To compare these historical behavioural data with the activities of swans in the current population, we collected comparable data using the same sampling protocol used by Scott (1978) . We collected data on the proportions of birds foraging, resting, and alert during scans made of 610 birds in 14 flocks observed on winter-sown wheat on the fens in January 2016 and January 2017. Preliminary examination using Analysis of Variance (ANOVA) found no statistically significant differences between 2016 and 2017 in the Logittransformed proportions engaged in each behaviour (P > 0.05 in all cases), and so 2016 and 2017 were grouped for subsequent analyses.
Statistical analyses
Initial exploration of linear model residuals using the 'nlme' package in R (Pinheiro et al. 2017 , R Development Core Team 2018) showed strong temporal autocorrelation over successive years, for both the annual swan counts and the crop areas. We initially attempted to fit autoregressive models to relate swan counts to the food resource data; however, because temporal autocorrelation was detected over multiple years (typically > 5), models would not converge. Instead, to account for temporal autocorrelation we based subsequent analyses on inter-annual rates of change rather than the annual values themselves; model residuals showed no significant temporal autocorrelation (P > 0.05 in all cases). Specifically, we used linear models with Gaussian error structures to test the relationships between inter-annual rates of change in our response variable, swan peak counts (δ wan ), and our explanatory variables, the area of Norfolk and Cambridgeshire under cultivation of each of our six key crop types (δ x ). Following inspections of the model residuals, to meet the assumptions of the linear modelling approach we removed seven outliers (out of a total of 57 data points) where δ swan values were >1.5 times the interquartile range above or below the third and first quartiles, respectively, and log 10 -transformed the response variable (δ swan ).
To assess temporal trends in swan habitat use, both within and between winters, we used linear models with Gaussian error structures to test the relationships between the Logit-transformed proportions of swans observed on crop types and (i) linear effect of winter and (ii) ordinal month of observation. As the proportions of swans observed on pasture, Brassica, and cereal stubbles in most surveys was 0, we restricted this analysis to (i) winter-sown cereals and (ii) post-harvest waste crops, only.
We fitted linear mixed effects models with Gaussian error structures using the 'MuMIn' and 'lme4' packages in R (Barton 2012 , Bates et al. 2015 to test the additive and two-way interactive effects of the following variables on log 10 -transformed SMI values: A = age class, S = sex, W L = linear effect of winter. Individual swan identity (based on unique rings fitted on capture) was included as a random categorical effect to account for non-independence of data points from the same individual swan. The candidate model with the lowest second-order Akaike's Information Criteria (AIC c ) value was judged to be our best-supported model, while any model with an AIC c value of within 6.0 of the lowest AIC c was also considered to have received substantial support in the data (Richards et al. 2011) . However, models with one additional parameter were judged to be competitive only if their AIC c value was lower than the simpler model (Richards et al. 2011) . The marginal R 2 (R 2 GLMM(m) ) and the conditional R 2 (R 2 GLMM(c) ) indicated the proportions of variance in SMI explained by the fixed factors alone, and by both the fixed and random factors, respectively (Nakagawa and Schielzeth 2013) .
We fitted cumulative link models of our ordinal API scores using the ordinal package in R (Christensen et al. 2018) to test the additive effects of the following variables on API scores: A = age class, W L = linear effect of winter, W C = categorical effect of winter, M O = ordinal effect of month, M C = categorical effect of month, and I O = observer identity. Both winter and month were examined as linear and categorical variables to test for linear and non-linear trends in body condition over time. Given the potential for collinearity between the categorical and continuous winter variables, between the categorical and ordinal month variables, and between observer identity and the winter variables, these collinear variables were not included within the same candidate model. Model selection using AIC c was conducted as above, while McFadden's R 2 was used to assess the proportion of the variance in API scores explained (McFadden 1973) .
Finally, we used analysis of variance (ANOVA) to compare the Logit-transformed proportion of individuals in swan flocks that were (i) foraging, (ii) resting and (iii) alert, between 1976 and 2016/17.
Results
Changes in swan peak counts and food resources
Peak winter numbers of Bewick's Swans on the Ouse Washes rose from 620 individuals in the first winter of observations (1958/59) to a maximum of 7,491 in winter 2004/05 (Figure 2a) . Numbers dropped subsequently to reach a 41-year low of 1,073 birds in winter 2013/14 before partially recovering to 2,997 in winter 2016/17 (Figure 2a) . The numbers recorded on the Ouse Washes represented a mean of 18.1% (± 95% CI = 2.4%) of the total population wintering in north-west Europe, ranging from 0.5% in winter 1960/61 to 37.9% in winter 1984/85 (Figure 2a) .
Of the main food resources used by the swans, winter-sown wheat and pasture had the largest areas devoted to their cultivation within Norfolk and Cambridgeshire (Figure 2b) . The total area put to all six crop types considered increased from 345,289 ha in winter 1958/59 to 432,763 ha in winter 2015/16. Crucially, we found no statistically significant relationships between the interannual rates of change in the area under cultivation of any of our six key crop types and the interannual changes in the peak counts of Bewick's Swans between winters 1978/79 and 2015/16 (Table 1, Figure 3 ). Repeating these analyses with the outliers included did not alter our findings (P > 0.05 in all cases).
Swan habitat use
Winter-sown cereals and post-harvest waste crops were the main food resources used, accounting for mean (± 95% CI) proportions of 0.555 ± 0.085 and 0.424 ± 0.084 respectively of the observations made from winters 1976/77 to 2015/16 (Figure 4a ). The proportion of Bewick's Swans recorded on Brassica crops (principally oilseed rape) was 0.009 ± 0.008 over the course of the study, whilst pasture and cereal stubbles were the least-used categories, comprising 0.007 ± 0.008 and 0.005 ± 0.009 of observed birds, respectively (Figure 4a) .
We found significant between-month variation within winters, but not across years, in the proportion of swans using cereals (F 2,105 = 21.22, P < 0.001, R 2 adj = 27.4%) and post-harvest waste Figure 2 . The long-term trends in (a) the maximum number of Bewick's Swans counted on the Ouse Washes (white circles), as well as the proportion of the total flyway wintering population found on the Ouse Washes (black circles); and (b) the area under cultivation in Norfolk and Cambridgeshire for each of six crops which may provide food resources for swans wintering in our study area. crops (F 2,105 = 22.33, P < 0.001, R 2 adj = 28.5%) ( Table 3 ). The mean (± 95% CI) proportion of swans using cereal crops increased from 0.346 ± 0.129 in November to 0.985 ± 0.020 in March, whilst the proportion using post-harvest waste crops declined between November and March from 0.624 ± 0.126 to 0.012 ± 0.020 (Table 2, Figure 4) .
Inter-annual trends in swan body condition
Comparisons of our candidate models of log 10 -transformed SMI showed that the model which included age class was our best-supported model (Table 3) . Mean (± 95% CI) estimated SMI values were higher for adults (6.6 ± 0.3kg) than cygnets (5.4 ± 0.2kg) ( Figure 5 ). Age class accounted for 21% of the variance in SMI values (Table 3) . A model comprised of age class and sex had an associated ΔAIC c score of 2.9; however as this model was a more complex version of a model with a lower AIC c (i.e. the model comprised of age class alone), we considered that sex had little explanatory power, especially given the poor performance of sex alone (ΔAIC c = 38.8, Table 3 ). Critically, we found no support for models in which the SMI values either increased or declined over time and no models with the linear effect of winter were included in the top models (Table 3) .
Within-winter trends in swan body condition
A model comprised of winter and month, both as categorical variables, best explained the variance in API scores, accounting for 70% of the total W i value (Table 3) . Post-hoc tests showed that the swans' API underwent significant increases from November to January, before plateauing ( Figure 6 ). API scores also varied between the six winters ( Figure 6 ). Winter and month accounted for 9.0% of the variation in API scores. A model comprised of winter, month and sex had an associated ΔAIC c score of 1.7; however as this model was a more complex version of a model with a lower AIC c , we considered that age had little explanatory power, especially given the poor performance of age alone (ΔAIC c = 1000.9).
Behaviour
Foraging was the most commonly observed activity among flocks, with smaller proportions of birds resting or alert (Figure 7 ). There were no significant differences between 1976 and 2016/17 in the Logit-transformed proportions of the swan flocks that were observed foraging (F 1,25 = 0.498, P = 0.487), resting (F 1,25 = 0.052, P = 0.821), or alert (F 1,25 = 0.826, P = 0.372; Figure 7 ).
Discussion
In this study we combined long-term data on swan numbers, habitat use, behaviour, and two complementary measures of body condition, to show that changes in swan numbers on the Ouse Figure 3 . The relationships between the inter-annual rate of changes in (i) peak swan numbers on the Ouse Washes (δ swan ) and (ii) the total area in Norfolk and Cambridgeshire under cultivation for each of the key the crops (δ x ). Values of 1.0 represent no net change. None of the relationships were found to be statistically significant ( Table 1) .
Washes and surrounding fens were not related to changes in food resources. Behavioural and body condition data indicated that food supplies on the Ouse Washes and surrounding fens remain adequate to allow the birds to gain and maintain good body condition throughout winter with no increase in foraging effort. The onset of the decline in swan numbers at our study site after winter 2004/05 occurred a decade later than the observed decline after winter 1994/95 for the total overwintering population in north-west Europe (Rees and Beekman 2010) . Despite variation in the available amount of all key food resources in Norfolk and Cambridgeshire over the study period, there was no evidence that such trends were associated with changes in the numbers of swans observed. Thus we argue that, given the large area devoted to growing crops within the landscape and also the availability of different crop types across the winter, Bewick's Swans wintering on the Ouse Washes and surrounding fens were not sensitive to observed fluctuations in food resources. Similarly, Tijsen and Koffijberg (2015) found no evidence that declining Bewick's Swan numbers at a key overwintering site in the Netherlands were related to changes in food supplies. Our site-based study complements earlier broader-scale findings that Bewick's Swan survival rates were not influenced by the area or yield of sugar beet and winter-sown wheat in the Netherlands and the UK (Wood et al. 2018a ).
Variable Model
Bewick's Swans are generalist herbivores that can feed on a wide range of terrestrial and aquatic plants Kear 1972, Rees 2006) , and our findings were in line with earlier studies which reported that the swans have fed primarily on winter-sown cereals (e.g. wheat) and unharvested remains of root crops (e.g. sugar beet and potatoes) at wintering sites in Europe since the 1970s (Dirksen et al. 1991 , Laubek 1995 , Rees et al. 1997 , Wahl and Degen 2009 . Between the late 1960s and early 1970s Bewick's Swans wintering in north-west Europe switched from feeding predominantly on aquatic plants and flooded pastures, to feeding largely on agricultural crops (Merne 1972 , Owen and Cadbury 1975 , Poorter 1991 , Meier-Peithman 2011 . During this period the numbers of Bewick's Swan wintering on the Ouse Washes grew strongly (Figure 2) . Whilst recent improvements to water quality have led to increased use of aquatic plants in some parts of the winter range (e.g. Noordhuis et al. 2002) , most swans spend the majority of the winter feeding on terrestrial food resources (Rees 2006) .
Numbers of the Bewick's Swans' main competitors for food resources, Whooper Swan Cygnus cygnus and Mute Swan C. olor (Cadbury 1975) , have risen in recent decades (Frost et al. 2017) . Both Whooper and Mute Swans are larger and thus are usually dominant over Bewick's Swans in behavioural interactions (Black and Rees 1984) . Earlier analysis of temporal changes in distributions found that Whooper Swans may be displacing Bewick's Swans to feeding areas further from the central roost in our study system (Ponting 2014) . However, our data showed that despite any such displacement, swans are still able to gain and maintain adequate body condition, with no observed increase in foraging effort. Further field study of the behavioural and energetic consequences of Bewick's Swans feeding alone, and in mixed species flocks with Whooper and Mute Swans, would help us to understand the role that interference and depletion competition may have played in Bewick's Swan overwinter ecology.
Our data on within-winter trends in API scores showed no evidence of a mid-or late-winter decline in body condition that could indicate food shortages, for example as has been demonstrated for some seed-eating farmland birds in north-west Europe (e.g. Siriwardena et al. 2008) . As the stock of unharvested remains of root crops was depleted by foraging swans over the course of winter, the growth of wheat and oilseed rape presumably ensured that food abundance never fell below the threshold required to support the Ouse Washes population. Our SMI assessment agreed with an earlier study that found no temporal trend in the body condition of swans across multiple UK wintering sites (Wood et al. 2018b) . If declining numbers on the Ouse Washes were linked to declines in food resources, we would have expected to detect a concomitant decline in body condition, or increased foraging effort to maintain body condition. Nocturnal feeding in terrestrial habitats by Bewick's Swans is rare, occurring only during clear nights during a full moon (Rees 2006) , and so any increased foraging effort would have occurred during the day.
Conclusions
Our findings suggest that the changes in Bewick's Swan numbers at a major wintering site were not due to changes in food resources. This conclusion is supported by behavioural and body condition data which suggest that food supplies at our study site were adequate to allow the birds to gain, maintain, and depart in good condition, even during the period of falling swan numbers. Our findings suggest that the reasons for the initial increase (1960s-1980s) and subsequent decline (post-2005) in Bewick's Swan numbers on the Ouse Washes must have been due to factors at other sites during either the spring or autumn migrations or the breeding period. The widespread decline in Bewick's Swan numbers within north-west Europe (Rees and Beekman 2010) suggests that falling numbers on the Ouse Washes cannot be explained by shifts to other winter sites in north-west Europe. Changes in apparent survival rates, either due to increase mortality or increased permanent emigration from north-west Europe, rather than changes in productivity, have been suggested as the demographic causes of the changes in numbers across north-west European wintering sites (Wood et al. 2016 (Wood et al. , 2018a . The environmental drivers of temporal changes in apparent survival rates remain uncertain. Any increased mortality does not appear to have been caused by food resources on the winter grounds, which remain adequate Koffijberg 2015, Wood et al. 2018b , this study). However, future research should be undertaken to confirm that food resources are adequate at all key sites across the flyway, including major stop-over, moulting, and breeding sites, to allow a comprehensive assessment of food resources available to the swans. Furthermore, studies that examine temporal trends in known sources of Bewick's Swan mortality, including illegal shooting, lead poisoning, and habitat degradation are needed (Nagy et al. 2012) . As changes in apparent survival rates could also reflect permanent emigration rather than mortality, we also need a better understanding of both short-stopping within north-west Europe and interchange with other two Bewick's Swan flyways (the Caspian and East Asian flyways) to help us diagnose the reasons for the recent population decline. Growing numbers of Bewick's Swans have been observed at a relatively new wintering site at the Evros Delta in south-east Europe (Litvin and Vangeluwe 2016) , but how many were from the northwest European population is currently unknown. Similarly, numbers in the East Asian flyway have risen in recent years (Rees 2006) . Improved co-ordination of the population assessments across the three flyways, together with ringing and tracking studies, will help to reveal any interchange between populations that may have contributed to falling numbers in north-west Europe.
